Abstract. The Galactic plane is discussed as a case history of the application of different kinds of databases to the particularly difficult problem of the large-scale Galactic structure.
INTRODUCTION
Surveys can be driven by curiosity, the development of new technology, results obtained (or not obtained) from previous surveys, and by philosophical hypotheses, such as a belief in a "Copernican" (nonheliocentric) Galaxy. The successful application of any astronomical database depends greatly on the assumptions made concerning the types of sources whose detection is anticipated.
A knowledge of the large scale structures in the Galactic plane is important for a number of reasons: (1) most of the known matter in the Galaxy is located in the Galactic plane (the existence of "dark" matter has yet to be confirmed and its true nature ascertained), (2) the most active regions of the Galaxy are located in the plane, (3) the plane is the least known region of the Galaxy (with the possible exception of a supposed "dark halo"), (4) the large-scale geometry of the plane is a fossil bed of past interactions between the Galaxy and other members of the Local Group (LG), (5) there are other members of the LG still to be discovered behind the Galactic plane (e.g. Dwingeloo I and the Sgr dwarf galaxy), (6) a considerable part of the Universe (up to a quarter at microwave frequencies) is hidden from view by the Milky Way and (7) we still do not know what type of Galaxy we live in.
SHAPE OF THE GALAXY
A full, but polemical, account of philosophical speculations concerning the nature of the Milky Way is given by Jaki (1972) . The history of Galactic research, seen as a stepping stone to more cosmological concerns, is dealt with by Whitney (1971) , Berendzen, Hart & Seeley (1976) and Smith (1982) . Useful historical background is given by Hoskin (1985) , Paul (1985) and Smith (1985) . By far the most thorough investigation into the history of Galactic astronomy to date is given by Paul (1993) . A useful nineteenth-century perspective of "Galactic" astronomy is to be found in Clerke (1905) . Mihalas & Binney (1981) and Gilmore, King & van der Kruit (1989) provide much useful background to Galactic astronomy. Mihalas & Binney (1981) is especially useful for its full references. Reviews are to be found in the ever increasing number of conference proceedings (e.g. Holt & Verter 1993 , Majewski 1993 . Croswell (1995) offers a fine popular account of modern Galactic astronomy.
In the 5th century B.C., Democritus suggested that the Milky Way was composed of faint stars, a hypothesis that was confirmed observationally by Galileo in 1609. The earliest extant detailed description of the surface brightness distribution of the Milky Way was given by Ptolemy in Book VIII of the Almagest (Toomer 1984) .
Herschel undertook a probing of the large-scale structure of the Universe by means of "star gages" (i.e. star counts) in selected boxes measuring 15' x 15'. He assumed: (a) a uniform intrinsic brightness for all stars, (b) that the apparent brightness of the stars varied in inverse proportion to the square of their distance (i.e. that there was no interstellar medium), (c) a uniform stellar distribution, (d) no stellar multiplicity and (e) that his survey was "complete".
Herschel's "Universe" was a spheroidal distribution of stars with an axial ratio of about 5:1, with the Sun occupying a more or less central position. He later realized that most of his assumptions were false. In fact, it turned out that they all were. Herschel himself discovered stellar multiplicity and realized that the stars in multiple systems were not all of the same intrinsic brightness, so, that the stellar distribution could not be considered uniform. He also found that a larger aperture revealed more stars, so that his initial survey could not be complete. The inverse square law continued to confound astronomers until 1930 , when Trumpler (1930 proved conclusively the existence of interstellar extinction.
Harlow Shapley (1918 a,b; 1919 a,b,c) used the distribution of globular clusters as a probe of the large scale structure of the Galaxy. Globulare are intrinsically bright, and many are located well away from the Galactic plane; hence Shapley was able to determine their spatial distribution. He used a hierarchical sequence of distance determinations (Cepheids, RR Lyrae stars, brightest stars and apparent cluster size) to probe ever further out. His model placed the center of the Galaxy 15 kpc distant in the direction of Sagittarius, almost twice the currently accepted value of 8.5 kpc, and gave a diameter for the entire Galaxy of 100 kpc. Shapley's distances were inflated for two reasons: (1) he had mis-identified W Vir stars as Cepheids (which are brighter) and (2) he ruled out the possibility of ail absorbing interstellar medium. Shapley showed that, even where no adequate database exists, problems can still be solved with the correct assumptions. The existence of the interstellar medium merely inflated Shapley's distances, but did not fundamentally affect his model.
With this assumption and a bold interpretation of an extremely limited database, Shapley had finally Copernicized the Galaxy.
Jacobus Kapteyn used photographic sky surveys (the Carte du Ciel and Gill's Cape Photographic Durchmusterung), together with proper-motion, spectral-type and parallax databases to make a full statistical analysis of 206 Selected Areas of the sky. Again, the effects of interstellar extinction were ignored to the detriment of the final model (Kapteyn 1922) , which produced a spheroidal Galaxy with an axial ratio of approximately 5:1, with the Sun at 650 pc from the Galactic center -all highly reminiscent of Herschel's model. Kapteyn's databases were enormously sophisticated, but they were inappropriate for the problem of Galactic structure. Their use was completely undermined by a single wrong assumption, the supposed non-existence of an interstellar medium.
Although pioneering radio survey work on the HI content of the Galactic plane was carried out in the 1950s, no further advance on the stellar content of the deep disk was possible until the advent of near-infrared techniques. In the late 1970s and early 1980s Japanese balloon experiments (NIR) provided the first view, in diffuse 2.4-μιη emission, of the Milky Way as an edge-on spiral galaxy. This work is reviewed by Garzón et al. (1993 and references therein) .
The diffuse emission infrared images of the Galactic plane are from the Diffuse Infrared Background Experiment (DIRBE) on board of the COBE satellite. The first results are summarized by Holt & Verter (1993) and they are unlikely to be bettered in the foreseeable future.
The first infrared survey to delineate the Galactic plane in terms of point source objects (mainly stars) was made by IRAS. Earlier infrared surveys were too insensitive to map the deep plane. Habing (1988) used the IRAS Point Source Catalogue with the selection criterion 0.82^2 < i*25 < F12 to identify long period variables with a high mass loss rate. He concluded that: (1) 80% of sources were located in the thin disk (FWHM 440 pc), the disk having a cut-off at 9.5 kpc and scale length of about 4.5 kpc, and (2) 20% of sources were found in a "thick disk" that he identified with Gilmore's thick disk (see Kuijken & Gilmore 1989) .
The first spiral nebula was discovered in 1845 by Lord Rosse. A spiral structure for the Milky Way was suggested by Alexander (1852), Proctor (1869) and Easton (1900 Easton ( , 1913 , and Bok looked unsuccessfully in the 1930s for evidence of a spiral structure in star counts. However, the first real demonstration of the existence of spiral arms was made by Morgan (Morgan, Sharpless & Osterbrock 1952) with his discovery of two spiral arms using HII regions as tracers.
The following objects, in varying degrees of usefulness, may be used as visible tracers of spiral arms: (1) Ο, Β supergiants (and other supergiants), (2) HII regions, (3) O associations, (4) young open clusters and (5) longer period Cepheids.
The requirements for tracers of the spiral arm are that they must be: (1) young (i.e. close to their birthplace), (2) very luminous and (3) of known intrinsic brightness (for an accurate distance determination). The main problem with this method is its limitation (by interstellar extinction) to distances of a few kpc from the Sun.
Radio wavelengths penetrate the entire Galactic plane, but there are severe problems in using radio sources as spiral arm tracers.
Van de Hulst's prediction of the neutral hydrogen emission at 21 cm due to the reorientation of its electron spin vector (van de Hulst 1945) and the subsequent confirmation of this prediction by Ewen & Purcell (1951) revolutionized Galactic astronomy by providing the first full penetration of the Galactic plane. The 21-cm maps give a clear impression of spiral structure in the Galactic plane, but not very precisely. The method is to use the radial velocity VR = (Ω -LÚQ)R0 sin/, where Ω = Θ/R and Q(R) vs. R is derived from the rotation curve. It is assumed that (1) the HI is optically thin, (2) Tgpin is uniform, and the gas is in circular motion. The problems are: (1) the diffuse distribution of HI throughout the plane, spiral arms being merely localized concentrations in this distribution, (2) the presence of non-circular motion due to (a) random motions within the gas, (b) possible non-circular streaming motions of certain features and (c) possible acceleration or deceleration due to passing density waves, (3) non-unique R values within the solar circle (R > #0,-90° < I < 90°) and (4) two "blind" wedges centered on the Sun in the Sun-Galactic Center radial, where the modeling technique is inapplicable. The net result is that, although a general impression of spirals of HI in the Galactic plane is clearly evident in the maps, no precise information can be obtained on any specific spiral arm. Another, preferably discrete, tracer is required.
The hydrogen 109a recombination line in HII regions can be used to obtain radial velocities, from which distances can be derived using the rotation curve of the Galaxy. Georgelin L· Georgelin (1976) used both optical and Η 109α studies of HII regions to produce what is probably still the best representation of the spiral structure of our Galaxy to date. However, their method suffers the usual restrictions on all optical work in the Galactic plane. Beyond a few kpc they were forced to rely solely on the radio data. While their delineation of the Norma and Scutum-Crux arms looks very reasonable, there is clearly something wrong for the inner sections of the Perseus and Sagittarius-Carina arms (for 0° < I < 50°, R > RQ).
Molecular clouds, being compact, would seem to be the ideal candidates for delineating the spiral arms of the Galaxy. However, as Combes (1991) has convincingly demonstrated, even when the positions of molecular clouds are known for a given galaxy (she chooses M 51), the CO I -ν plot cannot be used to reconstruct this distribution by means of deriving kinematic distances, no matter how the rotation curve is varied. The culprit is the assumed circular motion.
TILTS AND WARPS IN THE PLANE
To discuss the geometry of the Galactic plane (GP), it is necessary to decide: (1) the orientation of the GP (pole + reference direction in plane), (2) the Sun's position with respect to the GP, (3) which objects define the GP and (4) a wavelength with deep penetration.
The present IAU (/ n ,fe n ) system (Blaauw et al. 1960 ) is based on the so-called HI Principal Plane (Gum, Kerr & Westerhout 1960) , defined by: (1) 1950.0) , (2) the plane is flat for R < 7 kpc and (3) warping outside the solar circle towards I = 90° and I -270° (R > 7 kpc).
There are also systematic offsets (discussed by Hammersley et al. 1995) due to:
• The Sun's height above the GP (zo)· In HI it amounts to 2o = +4± 12 pc (Gum et al. 1960) ; in the infrared, it is about 15 pc (Cohen 1995 , Hammersley et al. 1995 , and in the visible, around 20 pc (Blaauw 1960 , Humphreys & Larsen 1995 .
• A tilt of 0.4° ± 0.30° at b = 0° of the old disk with respect to the Galactic plane (Hammersley et al. 1995) by rationing the flux at negative and positive b from the 2.2-μτη DIRBE maps.
• Warps. Gum, Kerr & Westerhout (1960) report the wellknown warping of the HI Principal Plane outside the solar circle. Freudenreich et al. (1993) find warping from the DIRBE maps, and Djorgowski & Sosin (1989) use the IRAS Point Source Catalogue.
IS THE MILKY WAY A BARRED SPIRAL?
The presence of a central bar would be a major component of the Galactic plane. Various models of such a central bar have been proposed by de Vaucouleurs (1964, to explain "expanding arms"), Binney et al. (1991, to explain CO gas kinematics), Blitz & Spergel (1991, in fact a triaxial bulge extending outside the solar circle with a small inner bar to explain large scale asymmetries in HI / -υ diagrams), Weinberg (1992, using AGB stars as tracers), Nakai (1992, using radial distribution of CO) and Hammersley et al. (1994, using NIR star counts and DIRBE maps) . Also, Calbet et al. (1996) claim near infrared evidence of a dust lane preceding the approaching arm of the bar at negative Galactic longitudes (as for NGC 1300).
WHAT KIND OF GALAXY ?
It is well established that: (1) the Galaxy has spiral arms (although their number and spatial distribution are still unknown), (2) the bulge is of intermediate type, (3) there is a thin (comprising a young and old) disk and (4) the Galaxy's luminosity is of intermediate type. Still being debated are (1) the existence of a bar and the triaxiality of the bulge and (2) the existence of a thick disk.
Using the de Vaucouleurs' system of galaxy classification, we definitely have S(l)(2)bcII, where (1) and (2) have yet to be decided. With the slender evidence such as it is, however, we could hazard a guess that the Milky Way is of de Vaucouleurs type SAB(rs)bc II, with the proviso that many astronomers would have severe reservations about the "B". But it is only a guess.
To complicate matters even further, the evidence to date suggests a "flocculent" (i.e. irregular) rather than a "grand design" spiral structure, which implies that it may be many years before a reliable picture of the Galactic plane structure is achieved.
TWO NEW NIR ALL-SKY SURVEYS
Two new near infrared surveys will contribute enormously to our knowledge of the Galactic plane. DENIS (Deep Near Infrared Sky Survey) is already under way and 2MASS (Two-Micron All-Sky Survey) is about to come into operation in the near future. DENIS is surveying the entire sky as seen from La Silla (Chile), and 2MASS will consist of two telescopes (one in the northern and one in the southern hemisphere). The telescopes are of 1 m and the limiting magnitude at Κ (2.2 μπι) will be about 13.5. DENIS has J, J, and Κ bands, and 2MASS will have J, Η and K, so infrared color information will be available for many sources. Although there are also NIR satellites either in operation now (i.e. ISO) or planned for the future (e.g. SIRTF), none will be survey instruments (although ISO is capable of limited surveying when it is in slew mode, it will not be of much use in the Galactic plane because of saturation).
